The quarterly time series of German consumption and income are analyzed with respect to seasonality and stochastic trends. It emerges that both variables can be appropriately described by a periodically integrated autoregression. An implication is that the stochastic trend and the seasonal fluctuations are not independent for each of the univariate series. In order to test for cointegration across the two series, we propose several methods which take account of the relationship between seasons and trends in the univariate series. Some of these methods boil down to extracting the stochastic trend from the univariate series in a first step and to relating these trends using cointegration techniques in a second step. Another method is an extension of the Johansen cointegration testing approach to periodic vector autoregressions. Monte Carlo simulations are used to evaluate the empirical performance of the various methods. The main empirical result is that only in the first quarter there seems to be cointegration between German consumption and income.
Introduction and Summary
In this paper we study the seasonal and stochastic trend properties of German consumption and income over the period 1960.1-1987.4 . This analysis will focus on the univariate as well as the multivariate properties of the two series. For the univariate analysis we use the model selection strategy proposed and evaluated in Franses and Paap (1993) . This strategy amounts to estimating periodic autoregressive [PAR] time series models for each of the series, and, in case periodicity cannot be rejected, to testing for the presence of stochastic trends within the PAR framework. For the German data we find that a PAR model of order one adequately describes both series, and that each series has a stochastic trend. However, we show that this stochastic trend cannot be removed by taking first order differences because we find that German consumption and income are so-called periodically integrated, and hence that a seasonally varying differencing filter is needed.
A main feature of periodic integration is that the stochastic trend and the seasonal fluctuations are not independent. Loosely speaking, a change in the direction of the stochastic trend causes a change in the seasonal pattern. This dependency of seasonality on the stochastic trend establishes that common cointegration testing methods, which are typically applied to nonperiodic time 0377-7332/95/1/109-132 $2.50 9 1995 Physica-Vedag, Heidelberg P.H. Franses and R. Paap series, may yield incorrect inference with respect to the presence of a cointegration relationship between consumption and income. In this paper we therefore propose and evaluate several methods to check for cointegration between periodically integrated time series. Some of these methods consist of two steps. The first step amounts to extracting the stochastic trends from each of the univariate series using a variety of approaches. In the second step we check for the presence of cointegration among these extracted stochastic trend series using wellknown cointegration testing methods. An alternative method which we propose in this paper is an extension of the Johansen cointegration approach to periodic vector autoregressions. Monte Carlo simulations are used to evaluate the empirical performance of all methods in small samples. The main empirical result we obtain is that there seems to be evidence in favor of cointegration between consumption and income in the first quarter only.
The outline of this paper is as follows. First, in section 2, we analyse the two univariate time series using periodic autoregressive models. In section 3, we propose, evaluate and apply several methods to test for cointegration between German consumption and income. Some concluding remarks are given in the final section.
Univariate Analysis
The data we analyse in this paper are given in Liitkepohl (1991, table E.4.), where they are used as an illustration to periodic time series models. The consumption c~ and Yt series are the logs of the seasonally unadjusted (West-) German Real per Capita Personal Consumption Expenditures and Personal Disposable Income, 1960.1-1987.4 . Graphs of the variables are displayed in figure 1 .
It can be seen that both series show seasonal fluctuations around a trending pattern. It can also be observed that the seasonal patterns do not seem to be constant over time, although the changes seem to occur only slowly.
In the figures 2 and 3, we display the graphs of the first order differenced time series Ale t and dly t, where A t is defined by A~z, = (1 --B~)z, where B is the familiar backward shift operator defined by B~zz = zt-~. Note that these graphs do not connect the quarterly observations, but that they connect the data points corresponding to each of the seasons 1, 2, 3 and 4. From figure 2 one can observe that the mean of the A 1 transformed consumption series is not constant. In fact, the mean of A ~ c, in the fourth quarter seems to be lower after around 1974, and the mean in the second quarter seems lower after 1980. Hence, the changes in the seasonal fluctuations in consumption may coincide with two major business cycle fluctuations, which are likely to be established by the two oil shocks. Figure 3 indicates that the A~yt series contains trend-like be-
